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Battery Capacity Measuring Device 
Technical Field 

The present invention relates to a method and a device to predict the resulting 
capacity of a battery. 

State of the Art 

The possibility to estimate the remaining energy content in a battery being 
discharged, is desirable, as the information may be used to determine the remaining 
operational time of the battery before it must be recharged or replaced. 

There are several different ways of achieving this, and in the patent specification EP 
0420530 the estimate of the time for the discharge of the battery is based on a 
discharge curve being divided into one linear and one exponential part, and on a 
measured plateau voltage. This, combined with a real time supervision of the 
dynamic variables of the battery enables a continuously improved estimate of the 
remaining discharge time of the battery to be made. Unfortunately, the system is 
highly dependent on ideal discharge profiles, fi-om which many batteries deviate. 

Another method of operation, according to WO 91/08494 is a system that supervises 
and measures several parameters during discharge, and calculates, with a high 
sampling frequency, on the basis of algorithms stored in the form of tables, the 
remaining capacity and tiie discharge time. On the occasions when the tables do not 
comprise the values sought for, inteipolation is used. 

In a third method, according to US 5371682, the remaining discharge time and 
capacity are calculated by means of a curve showing a discharge profile of the 
battery voltage as a Amotion of tiie battery capacity spent. 
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Summary of the Invention 

The state of the art solutions for predicting the remaining discharge time of a battery 
requires much memoiy space and computer capacity, using complicated calculations 
based on curves stored in memory, which furthermore do not always correspond to 
the discharge characteristics of the battery. The calculations take a long time and the 
result is not always correct. 

The present invention takes into account the discharge parameters determining the 
shape of the discharge curves for several different discharge currents. The method is 
compact and thus fast without the need to lose the desired precision. By normalizing 
the measured values, a table is created, which only needs to hold ten discrete voltage 
levels and three different discharge currents. By selecting the currents in an 
appropriate way the table may be used as a starting point for retrieving the remaining 
capacity in a battery at an arbitrary discharge current, which must be between the 
highest and the lowest current in the table. 

In order to generate a normalized table, three discharges are made with different 
loads, representing three selected discharge currents. A measurement is made for 
each discharge, measuring the voltage and the current as a function of time, down to 
a predetermined final voltage. The measured voltage is divided by the number of 
battery cells found in the battery, which means that the voltage will be an average 
value of the individual voltages of all battery cells. In addition, the battery capacity 
spent is calculated by multiplying the time by the discharge current. When the 
measurements and the calculations are finished, the voltages are normalized, to 
enable a correct interpolation between the columns of the table. The equations to 
normalize the voltages comprise, among other things, the internal resistance of the 
battery. The last calculation of the capacity spent (at the final voltage) is used to 
calculate the remaining capacity of the battery, and the remaining capacity is then 
normalized by division by the nominal lOh capacity. The currents are normalized in 
the same way. 
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Through interpolation of tiie calculated values for the normalized voltage, and the 
normalized remaining capacity for each discharge current, the value to be entered 
into die table is calculated. The ciurents are entered into the table without being 
interpolated, as they vary very little. 

In order to determine a remaining capacity for an arbitraiy discharge current, it is 
important that the normalized table used be based on the same internal resistance as 
die one used in the final calculations. 

A measurement is made at a point in time ti when the voltage is U(ti), the current is 
I(ti) and the accumulated capacity is C„,ed (ti). The voltage is normalized in the same 
way as before, and a new capacity column is calculated by interpolation of the 
values found in the table. The remaining capacity is then calculated for the 
nonnalized voltage U„onn(ti), through interpolation of the new capacity column. 

When this has been done, the status of the batteiy, which depends, among other 
things, on how much of the capacity remains in the battery and the voltage measured 
over the battery, is calculated. The status is used to calculate die resulting remaining 
capacity, die so called resulting capacity, and die discharge time. 

If anodier fmal voltage is wanted instead of die one listed in die table, tiiis is 
compensated for by calculating the remaining capacity for this voltage, which is 
subtracted from the resulting capacity above. 

This calculation is performed on an average value of a number of batteiy cells in a 
larger batteiy, where each batteiy cell has die same nominal voltage. 

The final voltage of each individual cell is then calculated on the basis of the 
calculated resulting capacity. The average value of all die final voltages is 
calculated, and die calculated value is compared to die desired fmal voltage of the 
battery. If die difference is too big, the resulting capacity is adjusted and a new 
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calculation of the final voltage of the battciy is made, the result of which is 
compared to the desired final voltage, and so on. This iteration is carried out until an 
acceptable difference between the calculated and the desired final voltage is 
obtained. 

An advantage of the invention is that a very precise calculation of the remaining 
capacity of a battery may be made with a fast and very simple method. 

Another advantage of the method is that it is simple to register the performance of a 
battery during discharge and to use these values in order to calculate the remaining 
capacity of the battery in normal operation very precisely, and that it is therefore 
possible to make a correct decision as to when a battery must be either recharged or 
replaced. 

Brief Description of the Drawings 

Figure 1 shows a typical discharge curve for a battery cell at a constant discharge 
current. 

Figure 2 is a schematic drawing of a battery system comprising a number of units, 
among them a control unit, which, according to the invention, serves to estimate the 
remaining discharge time to a predetermined final voltage. 

Figures 3a and 3b show a flow chart of the control program of the conttol unit, 
supervising the battery system shown in Figure 2. 

Figures 4 and 5 are a flow chart for the retrieval of a normalized table, according to 
table 1, for determination of the resulting capacity of a battery, according to the 
invention. 
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Figures 6 and 7 are a flow chart for the retrieval of the resulting capacity of a batteiy 
and tfie calculation of the estimated remaining discharge time, according to die 
invention. 

Figure 8 is a flow chart for the adjustment of die resulting capacity when the desired 
final voltage is taken into account. 

Preferred Embodiments 

Figure 1 shows a typical discharge curve for a battery cell having a nominal voltage 
of 2 V and is being discharged with a constant current. Just at the beginning of the 
discharge, the voltage drops very fast and then increases to a level called the plateau 
voltage 1. The time axis has been normalized according to the point in time when the 
voltage has dropped to a predetermined value, a so called final voltage 2. From this 
curve the extent of the remaining discharge time of the batteiy may be obtained by 
measuring a voltage Ui and then finding the point on the time axis 3 in which the 
curve has the same value. In this example the value 0.6 is obtained, which means 
that 40% of the total discharge time remains. 

Figure 2 is a schematic drawing of a batteiy system comprising a control unit 10, 
which gathers information and controls the supervision of the batteiy system via a 
number of supervision modules of different kinds 11-13. The control unit, which is 
able to communicate with an external computer 9, is connected to the supervision 
modules by a communication loop 14, for example a fibre optic loop. 

The measurement of the battery voltage of a battery 15 is made through a module I 
1 1. Each module I can measure up to twelve different voltages and thus in this 
example two module I are needed for each battery comprising twenty-four cells. 
Module I can also be used to retrieve information from standard sensors with a 
voltage or current outlet. 
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The supervision of alarm signals and analogue/digital signals from the batteries is 
mainly carried out by module II 12. 

Equipment not adapted to the battery system can be connected via a module III 13, 
for example a power module 16 and a "stand-by" generator 17. 

Figure 3a shows the control unit 10, represented by a number of function blocks. In 
the middle of the control unit there is a supervision unit 20 with a control unit 21 
and a memoiy 22. The supervision unit is described in more detail in Figure 3b. 

Connected to the supervision unit 20 is an alarm panel 23. on which the functional 
status of the battery system can be seen, and a monitor interface 24 to which a 
terminal can be connected, for example for maintenance tasks. There is also a 
battery supervision interface 25 through which all communication to and from the 
individual supervision modules takes place, and a communication interface 26, for 
example, a modem, to handle the communication with a possible central supervision 
function 27 in an external computer. 

Figure 3b shows the supervision unit 20, represented by a number of function 
blocks. In one fimction block for the control unit/memory 30. program instructions 
for the battery system are stored, and measured values from the supervision modules 
are stored and processed according to given instructions. The battery supervision 
interface is connected to an analogue interface 3 1. which receives and handles the 
communication to and from the supervision modules. An analogue/digital converter 
32 is placed between the control unit and the analogue interface. The communication 
interface is connected to a communication unit 33 working towards both the control 
unit/memory and the analogue interface. A power supply block 34 supplies the 
supervision unit with electric power. 

In the example the communication to and from the supervision modules is analogue, 
but, of course, digital communication is also possible. In the latter case the analogue 
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interface 3 1 will be replaced by a digital interface and the A/D converter will not be 
needed. 

Figures 4 and 5 show the method used to obtain a normalized table, which is used as 
a starting point for calculating a remaining dischaige time and a resulting batteiy 
capacity. The flow chart gives a detailed picture of the program used to generate the 
above mentioned table. In this case a batteiy cell is used having a voltage of 2. IV 
when fully charged and a final voltage has been set to 1.75 V. In addition die table is 
calculated for three current - capacity couples, that is, three loads are used to 
generate the desired discharge currents. They correspond to discharge times for the 
battery of 1, 3 and 10 hours, respectively. Of course it is possible to use a greater 
number of current - capacity couples and other types of battery cells, which will lead 
to other levels of the maximum and final voltages. The measured battery voltage is 
an average value from several batteiy cells. 

Figure 4 shows the beginning of the flow chart for generation of the normalized 
table, starting with a function block 101 which is activated by a supervision system. 
Then follows a function block 102 which enables the supervisor of the battery 
system to enter system data and function parameters. Such information specifically 
comprises a final voltage U„ at which the battery is considered to be totally 
discharged, the internal resistance Rj of die batteiy, the nominal lOh capacity Cio of 
the batteiy, flie number of columns in the table k and the value of die loads Rx used 
to generate die desired discharge current Ix. These discharge currents are selected 
especially to correspond to discharge times that give a good precision when using 
die table and interpolating. In this example, k=3 and die loads have been adapted so 
diat Ri corresponds to a discharge current of 10 hours, Rj corresponds to 3 hours 
and R3 corresponds to 1 hour. 

Instnicrions in die following function block 103 select die first load Ri (x=l). Before 
discharge can take place die battery is charged for at least 48 hours, and instructions 
for this and die supervision takes place through a function block 104. Also, 
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important system parameters must be set to zero, such as the discharge time t=0 and 
the capacity spent Cui=0. Instructions for this are executed in a function block 105. 

The stored program starts through the functions of a fimction block 106, and the 
discharge of the battery starts through connection of the load and start of the time 
measurements for the discharge of the battery. After a predetermined time interval 
the flow continues to a function block 107 in which t, Ui(t) and Ii(t) are measured 
and stored in a memory. The battery capacity spent Cui(t) is also calculated by 
multiplying the time with the discharge current, and the result is stored in the 
memory. 

If the measured voltage is higher than the stated final voltage a decision is made in a 
fimction block 108 to proceed to a point 109 at which a new measurement is made 
after another time period. This procedure is repeated until the measured voltage is 
equal to or lower than the final voltage. All the desired values from the first 
discharge have now been measured and calculated and the flow proceeds to a 
function block 1 10, in which the program checks if there are fiirther loads for which 
the same measurements and calculations should be made. 

If there are more loads, the flow is fed back through a function block 1 1 1 defming 
the next load by setting x=x+l. that is. in this case. 2. The flow connects to a point 
1 12 and the stored program starts the sequence of recharging the batteiy and then 
performs another measurement series. 

When there are no more loads for which measurements should be made, this part is 
ended and the flow proceeds to Figure 5 in which a number of calculations wiU be 
made in different fimction blocks to make the desired table complete. First the 
measured voltages are normalized, at every point in time t in a fimction block 1 13 by 
utilizing the following equations, which are adapted to the stated final voltage for 
1.75 V and the maximum voltage of the battery, 2. 1 V: 
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X=l, 2, 3 k 



,=A+B -U 



(1) 



B = 



0.35 



(2) 



0.35-R,.(I,-I,) 



A=1.75 (l-B) 



(3) 



The normalization is done by maintaining the final voltage of 1.75 V while 
increasing the plateau voltage by a voltage corresponding to the internal resistance 
and the difference in currents between the measured discharge current and the lOh 
current Ii. For the values for the first discharge, which went on for 10 hours, no 
normalization is done of the voltages; instead they are kept as they were. The result 
of the normalization is stored in the memory. 

When this has been done, the flow proceeds to a function block 1 14, in which 
instructions are given for the normalization of the discharge currents, lx.noim, by using 
the following equation in each point in time t: 



where x=l, 2, .... k and Ciois the nominal ten hour capacity. In the example, k=3 and 
the three current columns are normalized and the results are stored in the memory. 

Instructions for the next step in the process to generate the normalized table are 
given in a function block 1 15 in which the remaining capacity of the battery Cx,rem is 
calculated at each point in time t for the different discharge currents (x=l-3) 
according to the equation 



I 




(4). 
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(5). 



in which Cx.end is accumulated spent capacity for a measurement series and Cx is 
the battery capacity spent up to the time t. The results for all the currents are stored 
in memory. In a subsequent function block 1 16 the calculated remaining batteiy 
capacities at each time t, are normalized according to the equation: 



The flow now proceeds to the part of the process in which the basic structure of the 
table is established and instructions on what it should look like are obtained from a 
function block 1 17 in which discrete voltage levels U^, m=0-10, are set for the first 
column. Their respective levels are, for example. 2.10, 2.06. 2.04, 2.02, 2.00, 1.98. 
1.95,. 1.90, 1.85, 1.80, 178, that is, Uo=2.10 V and U5=1.98 V. Of course other 
voltage levels may be used. No row is found in the table for the final voltage 1.75 V, 
as the remaining capacity is calculated for this final voltage, and the resuU is zero. 
The fmal table according to this example may be seen below, in table 1. 

When the basis for the table has been created, it is to be filled, and instructions for 
this operation are found in a function block 118 handling the entering of the 
remaining normalized battery capacities and a function block 119 handling entering 
of the normalized discharge currents. 

The procedure of entering the remaining batteiy capacities is carried out for each 
discharge current and row m=0-10 in the table according to instructions found in the 
fimction block 118, whereby the normalized remaining capacity column is used with 
the associated voltage columns from the registered calculations in the memory, and 
the following equation is used: 



C 




10 
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c„ = c, +c,„ .(u„ -u,)- ^- ^; (7). 

in which Qis the value of the normalized remaining capacity and Ur is the 
normalized voltage from row r. is the voltage immediately above the desired 
discrete voltage U„ for which the interpolation is made. In the same way, Q-i and 
Ur-i are retrieved from memory, where Ur+i is the voltage immediately below the 
desired discrete voltage U^. 

The flow is ended in the next function block 1 19, in which the values for the 
discharge currents are entered into the table. In contrast to the capacity, these values 
do not have to be interpolated, as the value of the different currents do not vary very 
much during a measurement series. Of course, it is possible to interpolate according 
to equation (7) if desired, but replacing the capacity with the current. The flow can 
now generate a normalized table, see table 1. 



Voltage lOh discharge 3h discharge Ih discharge 



row 


u„ 








C2m 




Cam 


0 


2.10 


Iio 


Cio 


ho 


C20 


I30 


C30 


1 


2.06 


III 


Cu 


hi 


C2. 


I3I 


C3, 


2 


2.04 


Il2 


C,2 


I22 


C22 


I32 


C32 


3 


2.02 


Il3 


C,3 


I23 


C23 


I33 


C33 


4 


2.00 


I|4 


Cl4 


I24 


C24 


I34 


C34 


5 


1.98 


Il5 


C,5 


I25 


C25 


I35 


C33 


6 


1.95 


Il6 


C,6 


I26 


C26 


l36 


C36 


7 


1.90 


ll7 


Cl7 


I27 


C27 


I37 


C37 


8 


1.85 


Il8 


C,g 


hi 


C28 


l38 


C38 . 


9 


1.80 


Il9 


Ci9 


I29 


C29 


I39 


C39 


10 


1.78 






I2IO 


C2IO 


I3IO 


C310 



Table L A normalized table for implementation example 
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Figures 6 and 7 show the technology used in order to calculate, based on a 
measurement of the voltage Uv(t) and discharge current Iv(t) of a battery, the 
resulting capacity and discharge time down to a predetermined minimum voltage 
U„i„. The basis for these calculations is the normalized table obtained in Figures 4 
and 5. 

Figure 6 shows the beginning of a flow chart for calculation of the resulting capacity 
and thereby the discharge time initiated by a function block 201, which is activated 
by a supervision system. Then follows a function block 202 giving the supervisor of 
the battery system a possibility to enter system data and fimctional parameters. Such 
information comprises the normalized capacity table for the battery for which the 
discharge is to be supervised, obtained according to Figures 4 and 5. Associated with 
the table the value of the fmal voltage Us. in which the batteiy is considered 
completely discharged, is found. Further a constant, U„aK, is entered, which is used 
in subsequent calculations to determine the right status. Also, a minimum voltage, 
Umi„, may be entered, which functions as a new fmal voltage. If no minimum voltage 
is entered, the minimum voltage is set to be equal to the final voltage. 

The flow then proceeds to a function block 203, in which the stored program gives 
instructions to normalize the entered minimum voltage U^i^w,™, by using the 
equations (1H3) and then proceed with instructions to supervise the battery system 
in a function block 204 to determine if the batteiy is being discharged. A discharge 
decision is made in a function block 205. and if this is not the case, the flow goes 
back, through a feed back 206 to the function block 204. This is repeated until a 
discharge is detected and the flow proceed? to a function block 207, in which the 
program orders the setting of certain parar .ters to predetermined values. The time 
for the discharge is set to zero, the value of the estimated battery capacity spent 
is set to zero, and the value of the status is set to 1. 



M^O 97/41448 



13 



PCT/SE97/00723 



In the following function block 208 instructions are given to wait a predetermined 
period of time before a first measurement of a battery voltage Uv and a discharge 
cmrent Iv as a function of time is made. Then an accumulated capacity spent is 
calculated. All values are stored in a memory. To be able to calculate the correct 
resulting capacity, the measured battery voltage must be normalized by means of the 
equations (IH^) and the measured discharge current must be normalized by means 
of the equation (4). This is done in a function block 209. 

The flow proceeds to a function block 210 in which a new capacity column is 
calculated from the normalized table. This operation is performed by interpolation 
with the following equation: 

Ccni+ (Iv,nonn " Icm) (Qc+l)!!) - Ccm)/(I(c+l)m " Icm) (8) 

in which m is an index for each row in the table. Icm and I(c^i)„, are the current from 
row m in the current column of the table immediately lower and higher, respectively, 
than the normalized current Iv,nonn. Qm and Qc+Dm are the corresponding values of 
the remaining capacity. The results are stored in memory. 

Then follows a function block 2 1 1 in which a value of the remaining normalized 
capacity is calculated using the following equation: 

Cv.„onn = Cv„ + (Uv^norm " Un) (C^n^i) " Cv„)/(U„., - U„) (9) 

in which Uo and Un+i are voltages from the row in the voltage colunm of the table 
inunediately above and below, respectively, the normalized voltage Uv.„onn. Cvn and 
Cv(n+i) are the corresponding values for the remaining capacity. The result is stored 
in memory. 

When the new capacity column for the measured current has been calculated the 
flow proceeds to Figure 7 and a function block 212 in which a normalized remaining 
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capacity CmiB.nonn. corresponding to the normalized minimum voltage Umin.nonn, is 
calculated through interpolation based on the new capacity column using equation 
(9). Cv.„onn is replaced by Cmi„.„on« and Vy,nom is replaced by Um„.„onn in the equation. 
This result is also stored in memory. 

In order to calculate a resulting capacity C,es for the battery, the status of the battery 
must be obtained. In a function block 213 it is determined whether the battery is at 
Ae beginning of the discharge by comparing the accumulated spent capacity Cu^ed to 
a value for the total capacity Co of the battery for the current Iv, when Uv=2. 1 V. If 
Cused is more than 5% of Co. the flow proceed to a function block 215 in which a 
new status for the battery is calculated according to the equation: 

Status = 100 -Cu^d/CCo - Cv.„onn) (10) 

The flow then proceeds to a function block 216. In the cases when Cused is smaller 
than 5% of Co the flow passes through a bypass connection 2 15 to the function block 
216. In the block 216, the stored program compares the measured battery voltage 
Uv(t) to the entered maximum voltage U,b«. If Uv(t) >U„.x, the flow proceeds to a 
function block 217 in which the resulting capacity Cr« of the battery is calculated 
using the following equation: 

C«s = status (Co - Cmi„.„om,/100) (I I) 

The equation takes into account, and compensates for, another minimum voltage 
than the final voltage stated in the table. In the cases when the minimum voltage is 
equal to the fmal voltage, C„i^„on«=0 and does not affect the calculation of C„,. 

If the decision in the function block 216 is the opposite, that is, the measured voltage 
is not greater than the maximum voltage, the flow instead continues to a fimction 
block 218 to determine if the voltage has dropped too much. If the measured battery 
voltage U»(t) is lower than the minimum voltage Umi„, the flow proceeds to a 
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function block 219 in which the program gives instructions to set the resulting 
capacity to zero. 

If the measured batteiy voltage Uv(t) is higher than the minimum voltage U„i„ the 
flow proceeds to a fimction block 220 in which a value for the resulting capacity is 
calculated using the following equation: 

= status/100 • (Cv.„onn - C„i„.„o™,) (1 1), 

which also takes into account and compensates for a minimum voltage differing 
from the fmal voltage stated in the table. The result from the calculation of Ae 
resulting capacity in the function blocks 217, 219 and 220 are moved to a function 
block 221. If C«, is smaller than or equal to zero, the flow proceeds from the 
function block 221 to a function block 222, in which the battery is disconnected 
from the system and recharged. When it is fully charged, the flow returns to the 
letter C in Figure 6. 

If C„, is greater than zero, the flow proceeds to a function block 223, in which a cell 
variation adjustment takes place. 

The function has been described in detail in Figure 8. After the adjustment has been 
done, the flow is fed back to the letter D in Figure 6 and a new measurement is made 
of the battery voltage and the discharge current after a determined time period. 

Figure 8 is a detailed flow chart of the function block 223, in which calculations are 
carried out to adjust the resulting capacity so that the desired fmal voltage of the 
batteiy corresponds to the calculated final voltage of the batteiy. By final voltage is 
meant the voltage at which the batteiy is considered empty and must be recharged, 
die so called minimum voltage, U„i„. 
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The flow chart for the adjustment is initiated in a function block 301, which is 
activated by the supervision system. Then follows a function block 302 giving 
instructions to calculate the final voltage U, of each individual battery cell, if the 
resulting capacity C«8 is given. This calculation is made using the following 
equation: 



U. + (U,.. - U« ) ' CC^ - ) / (C^„,„ - ) - A 
^'"^ B 



in which U„ and U„+i are voltages from the row in the voltage colmnn of the table 
immediately above and below, respectively, the normalized voltage Uv.no™ Cvn and 
Cv(„*i) are the corresponding values of the remaining capacity. A and B are retrieved 
from the equations (2) and (3). The results from the calculations are stored in 
memory. 

In a function block 303 instructions are given to calculate an average fmal voltage in 
the batteiy Uev by calculating the average value of the calculated final voltage of all 
cells. The result is stored in memory and the flow proceeds to a function block 304 
in which a comparison is made between the average fmal voltage of the battery and 
the desired final voltage. If the average fmal voltage differs more than 1% from the 
desired fmal voltage, instructions are given in a subsequent function block 305 to 
adjust the resulting capacity according to the following equation: 



C„(x + l) = C„(x).(l-.-^^-^:^) (13). 

*^ v.nonn ^ min 



in which C« (x+1) denotes a new calculated resulting capacity for the battery and 
C«.(x) denotes the calculated resulting capacity, to be adjusted. The flow is fed back 
to the point 306 and a new calculation is made of the final voltage of the cells. This 
iteration proceeds until the value of the calculated final voltage of the battery lies 
within 1% of the desired final voltage. When this happens, the flow proceeds from 
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the function block 304 to a function block 307 in which the resuhs of all calculations 
are presented, for example, the resulting capacity, discharge current, battery voltage, 
desired final voltage and discharge time. In addition it may be retrieved from this 
information how long time remains before the battery must be recharged by dividing 
the resulting capacity with the discharge current, supposing this current is constant. 

Then the flow is fed back to D in figure 6 in order to measure the discharge time, the 
battery voltage and the discharge current again. 

The method for calculating and adjusting the resulting capacity enables the use of 
battery cells of different status and even with different internal resistance. The flow 
becomes a little more complicated, but the principle is the same. 

The invention is of course not restricted to the embodiments described above and 
shown in the drawings, but may be modified within the scope of the patent claims. 
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Claims 

L A method for calculating a resulting capacity of a battery, characterized in that it 
comprises two parts, of which a first part comprises the retrieval of values fi'om at 
least two discharge curves, in which the obtained values are nomialized and a 
second part comprises a calculation of the resulting capacity of the batteiy from the 
obtained normalized values from the first part. 

2. A method according to claim 1, characterized in that the discharge curves are a 
battery voltage as a fimction of time, that the battery capacity spent is calculated 
fi'om the discharge curves, and that the first part of the method comprises the 
following steps: 

- adapting each discharge curve to correspond to a specified approximate discharge 
current, 

- measuring and registering the discharge current and the battery voltage during the 
discharge process of the batteiy, 

- calculating a remaining battery capacity for each measurement of the discharge 
current and battery voltage from the battery capacity spent. 

3. A method according to claim 2, characterized in that the first part of the method 
comprises the following additional steps: 

- arranging the obtained normalized values in a table in which a first column 
comprises at least two discrete voltage levels, 

- entering a ciurent colimwi and a capacity column, for the remaining battery 
capacity into the table by interpolation of the measured/calculated values for each 
discharge curve. 

4. A method according to claim 3, characterized in that there are three discharge 
curves, arranged to correspond to a discharge time for the battery of one, three, and 
ten hours respectively, whereby the discharge time is taken from the time of 
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discharge until the battery voltage has dropped to a defined final voltage and that 
there are at least ten discrete voltage levels in the table. 

5. A method according to any one of claims 1-4, characterized in that the second 
part of the method comprises the following steps: 

- arranging a table, obtained through the controlled discharges according to the first 
part of ttie method, to correspond to the discharge process for each cell in the 
batteiy, 

- setting the discharge time for the battery and the capacity spent to zero when the 
batteiy is being connected, 

- measuring and registering a discharge current and a battery voltage of a battery 
during the discharge process after a certain discharge time, 

- calculating the batteiy capacity spent fi-om the discharge time and the discharge 
current and normalizing the capacity spent, the battery voltage and the discharge 
current, 

- interpolating a normalized remaining capacity from a new capacity column, which 
is obtained by interpolating the contents of two adjacent normalized capacity 
colunms firom the table, 

- calculating a status from each cell in the batteiy by using the value of the 
normalized remaining capacity, tiie capacity spent and the total capacity of the cell, 

- calculating the resulting capacity by using the value of the status and the remaining 
capacity/the total capacity of the ceil. 

6. A method according to claim 5, characterized in that the second part of the 
method comprises the following additional steps: 

- defining a minimum voltage which may differ from the final voltage given in the 
table, and which is arranged to determine the voltage at which the discharge process 
of the battery should be interrupted, 

- normalizing the minimum voltage to enable the calculation of a normalized 
minimum capacity by interpolation of the content of the new capacity column, 
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- calculating a resulting minimum capacity by using the value of the status, 
-adjusting the resulting capacity by subtracting the minimum capacity, which leads 
to a compensation because of the changed fmal voltage. 

7. A method according to claim 5 or 6, characterized in that the second part of tiie 
method comprises the following additional steps: 

- calculating a final cell voltage from the resulting capacity and the normalized 
measured battery voltage by interpolating the cell voltage from the obtained table, 

- calculating an average final voltage from the final cell voltages, 

- adjusting tfie resulting capacity by iteration with regard to the resulting capacity 
and the final cell voltage until an acceptable difference between the average final 
voltage and the stated minimum voltage is obtained. 

8. A control unit for calculating the resulting capacity of a battery, characterized in 
that it comprises means for 

- obtaining values fi-om at least two discharge curves, 

- normalizing the obtained values, 

- calculating the resulting capacity of the battery from the normalized values. 

9. A control unit according to claim 8. characterized in that it comprises additional 
means for 

- calculating the battery capacity spent during discharge, from the obtained values 
for each discharge curve, 

- registering the discharge current of the respective discharge curve, 

- calculating the remaining battery capacity from the capacity spent, 

- obtaining a table with at least two discrete voltage levels, 

- entering the normalized remaining capacity into the table by interpolation of the 
normalized calculated values, 

- entering the normalized discharge current into the table. 
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10. A control unit according to claim 9, characterized in that it also comprises 
means for 

- registering the discharge current and batteiy voltage of a battery at a certain point 
in time, during normal operation, 

- calculating the battery capacity spent, 

- normalizing the discharge current and battery voltage of the discharge curve, 

- calculating the remaining capacity by interpolation in the table, 

- calculating a status for the battery, 

- calculating a resulting capacity from the value of the status and the remaining 
capacity. 

11. A control unit according to claim 9 or 10, characterized in that it comprises 
additional means for 

- calculating a final voltage for each individual battery cell in the batteiy from the 
resultmg capacity and the normalized measured battery voltage by interpolating the 
cell voltage from the obtained table, 

- calculating an average final voltage from the calculated final cell voltages, 

- adjusting the resulting battery capacity by iterations with respect to the resulting 
capacity and the average final voltage. 

12. A batteiy system for calculating the resulting capacity of a battery according to 
the method of any one the claims 1-7, characterized in that it comprises a control 
unit (10), at least one module I (1 1) for measuring signals and at least one module II 
(12) for supervising the battery (15). 
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